Case rounds are a prominent and important means of training in medical domains. As part of a field study of anesthesiologists' problem solving activities, we audiotaped the discussion of 10 cases spreading over 4 case rounds. This paper describes the method used in data collection and analysis, followed by the major findings of the study. The study identified three types of skills transferred in case rounds: procedural knowledge, sensitivity to precursors of potential problems, and the ability to prepare for contingencies. The study also showed the potential of case rounds in studying cognitive activities in naturalistic settings.
The practice of medical trainings has passed down to us a unique tradition, with a somewhat cryptic name: "rounds." During these medical rounds, participants receive training through interactive discussions around particular problems, cases, or patients. Despite the prominent role of medical rounds in training (Irby, 1994) , only a few studies on them have been reported (e.g., Weinholtz et al., 1986; Weinholtz, 1991; Irby, 1994; Irby, 1992) .
In this paper, we wish to report a study on a particular type of medical rounds, the case rounds (also called "teaching rounds" by Irby, 1994) , which were held in a conference room setting (as opposed to a patient's ward). The objective of the study was to answer the following question: What types of skills were transferred during case rounds? It was a part of a field study on problem solving in the domain of anesthesiology (Xiao, 1994; Xiao et al., 1993) . Although the study covered a small sample of case rounds, we believe that the study was an important step towards the understanding of case rounds as a medium for training and for studying the expertise in real-life decision making. We will describe here the methodology used in the analysis of recorded discussions, and the findings on the content of the case rounds. Implications for research on naturalistic decision making are discussed in light of the findings.
METHOD AND MATERIALS

Case Format
The case rounds in the study were held weekly in the morning, before the regular daily duties, in the anesthesiology department of a large teaching hospital. There were 5-8 participants in each round, and the participants changed from round to round. Most participants were residents with one to three years of residency training. At least one participant was a staff anesthesiologist. The style of these case rounds was informal. Each round lasted between 30-45 minutes, during which 1-3 cases were discussed.
The discussion of each case started with a brief presentation of the case (real or adapted from real). Questions were then posed to the rest of the participants and answers solicited. Occasionally basic principles behind the answers were also queried. Thereafter the discussion was carried out in a highly interactive fashion, with almost everyone contributing to both the questioning and answering. Senior residents often acted as the role of "teachers."
Data Collection
Written consent for the study and for audiotaping during case rounds was obtained from the coordinator of the anesthesiology residency program. Before each round, further verbal consent was obtained from all those who participated in the particular round. One audio recording device was used, which was placed in the middle of the conference table and visible to all participants. Four (4) case rounds were recorded, comprising the discussion of 10 separate cases. In all recorded cases, the presenter was a staff member.
Data Analysis
The transcription of the audio recordings was assisted by the notes taken during the case rounds. The transcripts were edited into a single flow chart for each case. The main purpose of creating flow charts was to facilitate the categorization of the content of the case round discussion. The flow charts were then structured into sections according to the nature of the nodes in the flow charts (case presentation, question and answer, and deliberation). Unrelated or unclear speech (e.g., when multiple participants spoke at the same time) was deleted. Speakers were not identified in the resulting flow charts.
The flow charts contained information on the evolution of the events under discussion, choices discussed, action plans verbalized, signs and cues available and/or to be searched for, and deliberations. The last category deserves some explanations. In case rounds, staff members often asked questions to test the general knowledge of the residents. These questions were related to the case but only indirectly. For example, when a solution was put forward, the staff member might pose the question "To what situations would this solution not be applicable?" Discussions of this kind were labeled as "deliberation." An example of the flow charts created is given in Figure 1 .
RESULTS
Contents of Round Discussion
The problems presented to the trainees during the recorded case rounds could be classified into (i) how to formulate a case plan, (ii) how to respond to a crisis, and (iii) how to respond to a situation that had the potential to result in serious consequences. The discussion in 3 (out of 10) cases contained only problems in the first category. In the discussion of these cases, the residents were given the description of the patient and the surgery, and were requested to provide general plans for conducting anesthetics. The remaining 7 cases contained problems of the latter two categories.
Most of the discussion (8 out of 10 cases) ended when the initial problem was 'solved' and solutions evaluated, without going through the remaining steps of the case. It was evident that the participants were not interested in examining all the details of a case, but only one or a few important and "tricky" aspects of the case. These aspects were related to the assessment of a situation, the execution of a procedure, or the solution to a problem. In the following, the contents of the case round discussion are described in the following categories: (i) identification of goals and action plans; (ii) identification of potential problems; and (iii) contingency responses and preparation of materials.
Identification of Goals and Action Plans
The discussion on identification of goals and action plans often followed the identification of potential problems, and they occurred mostly when the initial problems were life threatening. The focus of the discussion was immediately directed towards the identification of goals and action plans: What was the desired state of affairs and what should one do? The skills stressed were how to stabilize the patient quickly and then how to diagnose the cause(s) of the event. The response expected was a list of consecutive action steps, including detailed information such as drug names and doses. One could categorize the knowledge examined or transferred as procedural knowledge. The emphasis was on the efficient and correct recall of action plans.
Identification of Potential Problems
The discussion on identification of potential problems was characterized by the prompt generation of a short list of pointers for concerns (PFCs, Xiao et al., 1993) that could lead to the identification of potential problems. Subsequent discussions revolved around these PFCs. PFCs functioned as the highlights of a case where attention should be focused on. The problems identified through PFCs included obstacles to prototypical procedures, anticipated critical events, or errors that one was likely to commit. Much of the discussion focused on the identification of potential problems (as opposed to the resolution of problems).
For example, when the keyword "appendectomy" was mentioned in the initial problem statement in one case presentation, the participants immediately responded with the PFC of "full stomach," which in turn led to the potential problem of "aspiration." (Almost all appendectomies are non-elective surgeries, and the patients have to be assumed as unfasted. Aspiration of stomach contents is a serious risk for unfasted patients.)
Some of the discussion on potential problems was triggered by the review of action plans. For example, the review of the intervention "clamping a catheter" (to stop air flow) in one case led to the discussion of the potential problem of cutting the catheter by the most likely used tool (thus defeating the purpose of stopping air flow).
The skills trained in this type of discussions seemed to be the sensitivity to precursors of problems and efficient examination of potential problems. The emphasis of the discussion was on the instant recognition of important cues of potential problems and goals in solving those problems. It appeared that part of the expertise that the staff anesthesiologists intended to transfer in the case rounds was the skill of being sensitive to critical problems, despite that some of these problems may be minute in an overall action plan and there were a vast number of other potential problems. One could argue that by building up the skills of identifying the potential "pitfalls" in the chosen course of action, the anesthesiologist could pay attention to them to prevent getting into trouble.
Contingency Responses and Preparation of Materials
The discussion in this category was on the anticipation of troublesome situations, and how one should prepare for them. In one of the cases discussed, for example, the presenter asked the participants to respond to a troublesome situation: the patient had received an overdosed local anesthetic. The patient was not in danger at the moment, but would be after the tourneque (the tool used to stop regional blood flow) was released: the release would allow the drug to circulate to other parts of the body, which may cause a cardiac arrest. The potential consequences of the overdosed local anesthetic getting into the circulation were anticipated by the participants immediately after the presenter gave out the dosage information. Note that although measures were discussed to prevent a cardiac arrest, the participants turned attention to the contingency scenario of a cardiac arrest and the preparation for that scenario. One part of the discussion was on the preparation of physical materials and resources; the other part was on response plans. Because of the special circumstances, the standard procedure for resuscitating cardiac arrests-Advanced Cardiac Life Support or ACLS-had to be modified, and the need for special drugs was detected when the contingency responses were examined. The discussion in this case showed the emphasis on the skills in detecting the need for special materials and for modification of established response plans.
The discussion in this case also demonstrated another interesting feature of case round discussions. When examining the contingency response of ACLS, the discussion did not touch the details of the steps in ACLS, but only the modification to this well-established protocol.
DISCUSSION
Our study contained a rather limited sample of case rounds. Nevertheless, it provided important information on case rounds and on the mental activities that may be performed during the complicated task of managing surgical patients.
First of all, the study showed some of the skills transferred during case rounds. These skills included those involved in the identification of potential problems and pitfalls (not necessarily the solution of them), selectively focusing of one's attention, the efficient recall of procedural knowledge, and important goals when stabilizing a patient during a crisis. Secondly, the format used by the case round participant seem to be effective in achieving the transfer of these skills, as only the important and critical aspects of a problem or a procedure were examined.
Thirdly, the case round discussion suggests the importance of the efficient formulation of PFCs and identification of potential problems. The skills of formulating PFCs are of special interest as they seem to be a central component of the expertise in decision making in dynamic environments. The data collected indicated that there may be direct associations between situations (or action plans) and PFCs, as in the case of associating an appendectomy with the pointer of a "full stomach." Given the case round discussion analyzed, it would be difficult to argue that the participants had gone through detailed mental simulation in the process of recalling PFCs.
Our study also suggested that case rounds could be used as fertile grounds for studying decision making in complex systems. For example, one may use case rounds to answer one of the questions about mental simulation in the research of naturalistic decision making posed by Klein (1993, p. 395) : "As people become more experienced how do their mental simulations change?" Mental simulation has been assumed to be the primary means for examining action plans (e.g., Klein, 1989) .
Whereas mental simulation is a plausible way in which practitioners use in examining action plans and identifying potential problems, the current study suggest direct association as another means.
Compared with real environments, the events and actions in case rounds were much "condensed," and one could study problem solving activities very efficiently. In addition, case round discussions contain much of the verbalization that would be difficult to obtain in actual cases. Case rounds also reduce the magnitude of the difficulties in studying problem solving in complex domains, as the events and actions discussed in case rounds usually dealt with a small but crucial subset of the actual possibilities. Another important aspect about the case rounds is the fact that the participants were all familiar with the domain context, and thus one could use case rounds to gain the viewpoint of the practitioners.
In summary, the study identified three types of skills transferred in case rounds: procedural knowledge, sensitivity to precursors of potential problems, and the ability to prepare for contingencies. The findings of our study call further studies of case rounds, both for their potential educational value in the transfer of expertise in highly skilled, non-medical domains, and for their roles in understanding decision making in naturalistic settings, especially those in complex systems.
